Introduction 1
The crustal structure of the continental block on which the Faroe Islands 2 ( Fig. 1 ) sits is poorly understood, largely due to the presence of thick Ter-3 tiary basalt sequences of the North Atlantic Igneous Province at the surface 4 that hinder controlled-source seismic imaging methods (e.g. Maresh et al., exposed in East Greenland and Shetland Islands (Stoker et al., 1993) and it is therefore expected that Archaean to Proterozoic age Lewisian meta-62 morphic rocks comprise the crystalline basement beneath the Faroe Islands.
63
This is most likely underlain by stretched Archaean continental crust that 64 could be thickened and/or intruded by magmatic material (Bott et al., 1974;  that spanned the Faroe Islands. The array operated for 17 months between 
Cross-correlation to extract Empirical Green's functions

117
Our process to extract Empirical Green's functions (EGF) through cross-118 correlation of ambient noise is similar to that described by Bensen et al. pairs were then cross-correlated using MSNoise (Lecocq et al., 2014 ) and al., 2013 , Pilia, 2016 , although some care in both its implementation and use is required to avoid distortion of the phase and amplitude characteristics 136 of the waveform. In Figure S2 of the supplementary information, we compare 137 the results of linear and phase weighted stacking and demonstrate that the 138 the two methods produce similar results when the SNR is good, but that the 139 PWS produces more realistic results when the SNR is poor. 
152
(2007) suggested that in order to measure group velocities reliably and ac-153 curately from cross-correlation functions (CCFs), the inter-station distance 154 is required to be greater or equal to three wavelengths at a given period.
155
Since this criterion limits the period to <10 s for the FIPSE array with 156 its maximum aperture of ⇠100 km, we performed tests at different integer to a period of ⇠15s. As such, we tested three different cut-off wavelengths
160
(1, 2 and 3) for group velocity measurements. In each case, we computed 161 the all dispersion curves and period dependent group velocity maps. For the 162 1 wavelength case, the standard deviation of all dispersion curves rapidly 163 increased at longer periods (10-15 s), and the corresponding group velocity 164 maps started to become incoherent and the data fit became worse. For the 165 3 wavelength case, standard deviations remained relatively constant out to 166 ⇠15s period, but the decrease in available paths meant that resolution of 167 the group velocity maps became poor at periods >10s. As such, we found 168 that the 2 wavelength criterion gave the best compromise, in that it allowed 169 longer period maps to be better constrained (up to 15 s), but produced re-170 sults that were far more consistent with the 3 wavelength results compared 171 to the 1 wavelength result ( Supplementary Fig. S4 ). In a recent study, velocity; however, it is commonly assumed in ambient noise tomography (e.g.
210
Saygin and Kennett, 2012) roughness/variance and data fit for different periods (Fig. 6 ). The point of 219 maximum curvature should represent the optimum value of both parameters.
220
In this way, we obtained optimum damping and smoothing factors of 0.005 221 and 0.007, respectively, by considering periods of 5, 10 and 15 s and used 222 these damping and smoothing values for subsequent inversions.
223
A synthetic checkerboard test was performed to investigate the resolution 224 of our group velocity maps between 0.5 s and 15 s period (Fig. 7) . Three dif-225 ferent synthetic models were generated that feature large (diameter ⇠18 km), 
236
At 15 s period, the path coverage (Fig. 5) has reduced to such an extent that 237 even the large checkerboard anomalies are poorly recovered. As a result,
238
we limit our analysis of the subsequent shear wave velocity model, which is 239 derived from the period dependent group velocity maps, to 10 km depth.
240
Constraining shear wavespeeds below these depths requires group velocity 241 measurements 15 s. reference 1-D shear-wave velocity model, which is described in Table 1 , and 257 based on measurements from the three boreholes (see Fig. 1 ). Model pa-258 rameters are defined at 0.5 km depth intervals in order to produce relatively 259 smooth solution models. We perform an inversion for each starting model 260 at each point of the grid using 500 iterations of the scheme, and then take 261 the average of the ensemble of solutions at each point as the final solution.
262
The average standard deviation of the ensemble of solutions across the entire the Faroe Islands appear to increase from 2.6-2.9 to 3.2-3.5 km/s between 3 293 and 5 km depth (Fig. 9 ).
294
Northeastern coastal regions are consistently fast at 3.5-3.7 km/s between 295 7 and 10 km depth, with north-central parts increasing from 3.0 to >3.5 296 km/s. Suðuroy displays S wave velocities of 3.2-3.5 km/s whereas the island 297 of Sandoy to the north of Suðuroy is marked by relatively low (2.9-3.2 km/s) 298 velocities (Fig. 9) . The central region of the Faroe Islands at 15 km depth is 299 characterised by a major low velocity anomaly where S wave velocities may 300 be as low as 3.0 km/s and contrast markedly with the surrounding region at 301 >3.5 km/s (Fig. 9 ).
302
The south-north and west-east cross-sections through the model in Fig-303 ure 10 further highlight the large S wave velocity variations constrained be- northern parts of the model (Fig. 10) . However, it is unclear whether it ex- 
Interpretation and Discussion
326
We now consider each of the basalt and sub-basalt layers that can be Fig. 1 and 9) . Regions of elevated 
346
The combined Enni and Malinstindur Formations may extend to 2 km 347 depth in north-eastern parts of the Faroe Islands, evidenced by the observed 348 low velocities in our model (Fig. 10a) . However, in western parts of the 
Faroe Islands Basalt Group (FIGB): Beinisvørð Formation
360
The 'A'-horizon is a seismic discontinuity that marks the boundary be- (Fig. 11 ), but our 383 resolution in these regions appears to be unable to sufficiently distinguish 384 the base Beinisvørð / top basement interface beneath northern parts of our 385 model (Fig. 10) . Alternatively, there may be a reduction in S wave velocity 386 difference across the 'A'-horizon in these parts of the Faroe Islands.
387
We appear to lack the resolution to constrain a relatively fast velocity (Fig. 1 and 10) . and dips at ⇠4 to the north-east ( Fig. 10 and 11 ).
403
The Lopra-1/1A borehole samples the uppermost ⇠1000 m of the Lo- Suðuroy and report P wave velocities of 6.1-6.3 km/s, V P /V S of 1.75 and 446 therefore V S ⇡3.7 km/s, which is consistent with our observations of a high-447 velocity (V S 3.6 km/s) basement-like feature at ⇠61.75 latitude (Fig. 10) .
448
Despite diminishing resolution at basement depths at the extremities of Petersen, U. K., Brown, R. J., Andersen, M. S., 2013. P-wave velocity dis-phases in complex layered media using a multistage fast marching method.
Stoker, M., Hitchen, K., Graham, C., 1993 Table 2 : Geophysical properties of key layers included in published models (Palmason, 1965; Hall and Simmons, 1979; Richardson et al., 1999; Smallwood et al., 1999; England et al., 2005; Raum et al., 2005; Christie et al., 2006; Eccles et al., 2007; Bais et al., 2008; Petersen et al., 2013) . stacked using phase-weighting (Schimmel et al. 1997 (Schimmel et al. , 1999 (Schimmel et al. & 2007 and plotted with respect to inter-station distance. Normalised amplitude is plotted in colour (large amplitudes in red; small amplitudes in blue), and dotted lines represent the dispersion curves used in the inversion for perioddependent group-velocity maps. 
